Introduction
Over the last several years, much progress has been made in cooling, trapping, and manipulating molecules at ultracold temperatures [1, 2, 3, 4, 5, 6] and Bose-Einstein condensation (BEC) of diatomic molecules has recently been demonstrated [3, 4, 5] . The experimental breakthrough that a e-mail: weckp@unlv.nevada.edu b e-mail: naduvala@unlv.nevada.edu led to the creation of molecular Bose-Einstein condensates starting from fermionic atoms provides unique opportunities to study the crossover regime between BardeenCooper-Schrieffer-type superfluidity of momentum pairs and BEC of molecules [7, 8, 9, 10] , a topic that has been of long interest to the high temperature superconductivity community.
Collisional studies of ultracold molecules have received considerable attention in recent years [11, 12, 13, 14, 15, 16, 17] and the possibility of quantum collective effects in chemical reactions involving ultracold molecules is of particular interest [18, 19] . Polar molecules are another class of molecules that have received important attention in recent experiments. The anisotropic, long-range character of the electric dipole-dipole interactions of polar molecules also designates them as potential candidates for scalable quantum computation schemes using electric dipole moment couplings [20, 21, 22, 23] . The techniques developed so far for creating ultracold molecules fall into three different categories, namely buffer-gas cooling of paramagnetic molecules [1, 24, 25, 26] , electrostatic cooling of polar molecules [27, 28, 29, 30] and photoassociation of ultracold atoms [31, 32, 33, 34, 35] . While the first two approaches have been successful in trapping polar molecules at cold temperatures of 10-100 mK, the creation of ultracold (T ≃ 100 µK) polar neutral ground state molecules (KRb) was achieved only recently by photoassociation in a magneto-optical trap [36] [39] , its isotopic counterparts [40, 41] or alkali metal dimers [16] . Here, we investigate the bi- 
Calculations
The quantum mechanical coupled-channel hyperspherical coordinate method of Skouteris et al. [58] is used to solve the Schrödinger equation for the motion of the three nuclei on the parametric representation of the single BornOppenheimer potential energy surface (PES) developed by Bian and Werner (BW) [59] . The small effect of the fine-structure observed in similar reactions [52, 60, 61] supports our choice to neglect the spin-orbit splitting in the Cl( 2 P ) atom. Although the accuracy of this potential energy surface for ultracold collision studies is questionable, based on our experience we believe that major findings of our study will not be affected if a more accurate ClH 2 potential surface is used.
Scattering calculations were performed for a total molecular angular momentum J = 0 and s-wave scattering in the incident channel of the H + HCl(v, j = 0) and
We note that in the case of weak trapping potentials, which are expected to allow long decoherence times in 1D trap arrays of quantum computers [23] , only s−wave scattering is expected to play a significant role [62] . Because at very low kinetic and internal energies these reactions proceed mainly by quantum tunneling, the resulting reaction probabilities are very small and particular attention must be paid to convergence. Extensive con- vergence tests of the initial-state-selected and state-tostate reaction probabilities have been carried out, with respect to the number of rovibrational levels included in the basis set, j max , the maximum value of the hyperradius, ρ max , and the step size for the log derivative propagation, ∆ρ. 
Results and discussion
The cross sections for H 2 and HCl formation and for non- 
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−3 K for the HD product. For v = 1 and 2, the rate coefficients for H 2 production is an order of magnitude larger than for HD at cold and ultracold temperatures.
However, for v = 1 the rate coefficient for HD formation becomes slightly larger than for H 2 in the tunneling region of the H + DCl reaction, i.e. around T = 5 K. In the zerotemperature limit, the rate coefficients calculated for H 2 and HD formation, respectively, are 1. for H 2 with v = 0. Our results also indicate that H 2 formation is the predominant process of H + HCl collisions at cold and ultracold temperatures, while for H + DCl non-reactive scattering is more favorable in this regime. We find that, for both
H+HCl and H+DCl collisions, vibrational excitation dramatically enhances the zero-temperature limiting value of the rate coefficients. The effect of vibrational excitation is found to be comparable for reactive and nonreactive channels in the ultracold limit.
